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© Automatic level control system for broadband cable systems. 

© A device including automatic gain control for balancing 
losses in a coaxial transmission path (400) of a network is < . 
disclosed. The device includes a fixed gain bidirectional 
amplifier (220), an equalizer circuit (212) for equalizing the loss 
of a fixed amount of cable, a circuit (213) for providing a variable 
amount of loss for simulating a variable amount of coaxial cable, 
and a closed loop system (250) for monitoring the signal c 
strength of an outbound pilot signal. The closed loop system 
(250) provides for adjustment of the variable simulator circuit 
(213) so that the sum of the losses provided by the coaxial 
transmission path (400), the equalizer circuit (212) and the 
variable simulator circuit (213) are equal in amplitude to the gain , 
of the fixed gain amplifier (220) across the entire inbound and 
outbound bandwidth of the network. 
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Description 



AUTOMATIC LEVEL CONTROL SYSTEM FOR; BROADBAND CABLE SYSTEMS 



' : International Application No. PCT/US88/03200 
entited -Broadband Local Area Network?. and filed 
on 19 September 1988 contains subject matter 
related to the subject matter of the present 
application. ; ■ . ... - J ... . 

The present invention relates to an automatic gain 
i control (AGQ);system: for a . broadband local area 
network (LAN) and, more , particularly, to a coaxial 
: . broadband local area network automatic^ control 
.system that; is easy to design, install an<i; use. 
r { In a conventional broadband iopal area.network 
. configuration a^plurality of bidirectional ^amplifiers, 
• coaxial cables, and splitters are serially connected 
together to form a bidirectional; rf signal .path for 
outbound as well as inbound signal transportation. A 
typical conventional .-.broadband LAN ; includes a 
plurality, of such bidirectional rf signal paths. The 
--.network is designed to provide a specified path loss 
iv to each amplifier contained therein. rThu^; if an 
■o. outbound rf signal, is connected to the network at 
. the headend, the outbound signal wilUppear at each 
particular. .amplifier! -..at. at predetermined rf- signal 
^ power. -lev^ network « is also 

designed to provide a specified path- loss? for rf 
signals connected to the network at the network 
extremities so that ;such inbound rf signals will 
appear at the amplifiers at predetermined rf signal 
: .power levels. ? . : H . _ 

temperature variations will cause the attenuation 
}f of. the coaxial cable; to change.; This, in turn, will 
cause the rf signal power levels to change at the 
-••>. inputs -to the* 't v !.-..■ -..v^ n ,. 

-amplifiers in the system. The effeetof temperature 
caused < variations in path* loss, is , corrected in 
conventional broadband ; CATV type- LANs; by the 
i: -.addition otAGC circuits internal to the.inbound and 
>;c outbound, amplifier sections of. .the bidirectional 
amplifiersr in the system.? ;p ■:<-:: , ... 
. An AGC. circuit comprises, a closed loop, control 
_ mechanism* that monitors-an rf signal power level at 
.. the output of an amplifier and controls a variable 
attenuator that the gain of the amplifier will automati- 
cally adjust to provide a constant rf signal power at 
the output of the amplifier, given.a limited amount of 
rf ^signal variation, at^the; input of the amplifier. - 
.Conventional CATV LANs.also require pilot signal 
igenerators. An outbound pilot signal generator is 
located at the headend- of the, network. This 
outbound pilot signal generator provides an rf signal 
-atrra certain predetermined frequency /and ^power 

< level .that is connected . at ;the ; . headend . and is 
distributed throughout the network to;a!lcoutbound 

{amplifiers. This pilot signal is monitored by the 
closed loop AGC circuits and provides a measure of 

rthe path loss of the.outbound signal path: Inbound 
paths also require pilot signal generators. The 
inbound pilot signar generators are located at the 

-extremities of the network and provide an rf signal at 

< a certain predetermined frequency and power level. 
Each inbound pilot signal is monitored bythe closed 
loop AGC circuits of only those inbound amplifiers 
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. serially, connected between the injection, point and 
i the i -headend. Therefore, quite-qften it necessary to 
have a plurality - of inbound pilot signal: generators in 
. , order to .operate , the ; .entire inbound system with 

-t. V AGC. r . :ir>. 0t - ■ ■■ fj -' 

, ,: : Cpnyentlohal PAY[.. broadband' '-.LANs, requiring 
: , multiple inbound pilot signal generators are con- 
; figured in two basic types. The first utilizes. multiple 
pilot, signal generators operating at the same pilot 
frequency. The second utilizes multiple pilot signal 
generators operating at different- frequencies. 

Networks using multiple inbound . pilot signal 
generators operating at the same frequency require 
v < the ; use of rf signal traps, at intersections of the 
? network where two, inbound pilot signals combine. 
: These traps are narrowband .filters that provide a 
significant amount of attenuation to the pilot signal 
of one path so that the power level of the combined 
f path- at the. pilot frequency is dominated by the 
: power level of the untrapped pilot signal. 

. Multiple inbound pilot signal generators operating 
. at different preselected frequencies do not require 
traps but do require frequency specific AGC cir- 
l ij cujtry. for, :the amplifiers that are controlled by that 
: o particular ^equency. r ..= .*.,.. ; 
v Problems with pqnyentional /CATV- AGC equip- 
ment and .architecture include "a- high ; degree of 
complexity in equipment design and manufacture, 
increased costs, and a high degree of complexity in 
: network design, installation and use. 

The increased degree of complexity in equipment 
r design and manufacture includes the need to 
r provide separate variable attenuator circuits in the 
: : inbound and outbound sections of the bidirectional 
> amplifiers used in the system, and f the need to 
design and .manufacture inbound pilot signal gener- 
ators, wT; : v h / <- • , v . " r -.:.^..*- \." 

: c The increased degree of complexity/ in network 
--design includes the necessity to analyze the archi- 
tecture, of the system, select inbound pilot system 
; type, either single frequency operation, with traps, or 
multiple frequency operation with different inbound 
amplifier AGC circuits for each frequency specified, 
-i .vThe increased degree of complexity in. installation 
includes the , necessity to install, inbound pilot 
L frequency generator^ at the system extremities, and 
either the installation of traps for systems specifying 
a single inbound pilot frequency, or the installation of 
different types of inbound A{3C circuits in systems 
-specifying multiple- inbound pilot frequencies. In 
addition,: once : the equipment has been installed, It is 
. necessary to adjust the inbound pilot signal gener- 
ators. to the proper output level and then proceed to 
adjust all inbound .AGC circuits to provide, proper 
operation of the system. ; 

-\ The , increased; degree : of complexity in use of a 
conventional LAN system includes the need for 
routine maintenance of the inbound pilot signal 
generators and the; inbound AGC circuits. In addi- 
tion, ;in systems: utilizing only one inbound pilot 
frequency with traps, the pilot signal that is trapped 
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cannot be monitored at the headend. Therefore AGC 
problems in that portion of the inbound system 
comprising the equipment operating from the 
trapped pilot - cannot * easily be determined at the 
headend. 

Accordingly, it Ms the object of the invention to 
provide LANs-haying automatic gain control that are 
easier td design, -manufacture; install iind Vnaintain 
than prior art LANs: r Mofe "particulai lyV it is ! an object 
of the present invention to provide a LAN which 
"requires no inbound pilbt signals, no inbound pilot 
signal generators, 'no inbound automatic gain con- 
trol circuits and ho traps, jtis a further 'object of the 
present invention to provide a LAN which 'achieves 
automatic gain control in- -both the inbound and 
outbound directions through' use of an outbound 
pilot signal only and" 'outbound automatic gain 
control circuitry; / ' ' ■ > " : "'- : 

Automatic gain control 1 is' achieved in accordance 
with the present invention through u s e of a fixed 
gain, fixed loss bidirectional broadband amplification 
system. In the fixed gain, fixed loss amplification 
system, each node of the network includes a fixed- 
cable equalizer, a variable cable simulator and a 
fixed gain bidirectional amplifier. The fixed cable 
equalizer circuit equalizes the loss of a fixed amount 
of coaxial cable. The variable cable 1 simulator 
simulates the loss of a variable amount^ of coaxial 
cable. The variable cable ! simulator; is -adjusted 
depending upon the amotinf ^6f Coaxial ''t cable 
" preceding tRe node ; sb* that' the attenuation of the 
- ( actual amount of coaxial and the attenuation of the 
simulated coaxial 1 cable (provided by -.the i cable^ 
simulator) is equalized by the cable equalizer to 
provide a fixed amount of attenuation or loss across 
the entire bandwidth (inbound and outbound) of the 
network. More particularly, the variable cable simula- 
tor may be adjusted so that the ; fixed amount of - 
attehuatibn is equal in magnitude to the gain* of the 
fixed gain amplifier Thus, for an outbbuhd^sighal, the 

- signal strength is the same at the iri^ut of the coaxial 
cable preceding the node and at the output of the 

1 outbound amplifier of the bidirectional ^amplifier. > - 

- ' the fixed gain! fixed loss" method of amplification 
allows simultaneous adjustments of botlv inbound 
and outbound path loss with a single element, the 

1 : ' variable cable simulator. Such a fixed gain, fixed loss 
bidirectional broadband and amptif icatioh system 
•provides for a- network that is easy to design,. install 

' "' arid maintain. The fixed gain, fixed loss amplification 

- system is described in more 'detail in the' above 
^ : / identified : patent 1 application.- '* ; - f : 

the fixed gaihf fixed loss ^amplificat ion system can 
^ be r mobified in accordance Witrvthe present inven- 
tion' to-lnclude the 'iiseof & pilot generator at the 
Headend of the network- arid 'a single closed loop 
'£ AGC circuit associated with the 'outbou nd amplifier 
' •' within the bidirectional amplifier at each node. This 
mAGC circuit monitors the-' rf signal power of the 
outbound pilot at the outbound amplifier output and 
7i f - controls the attenuation; vaiiie of the variable cable 
; -• 'simulator: • i\ v ';:yn... 

* Coaxial cable attenuation varies with frequency: > 
"«-•-. i Higher frequencies have itibre attenuation than 
:.lowet frequencies. The. effect ofj temperature on 



coaxial cable attenuation is to proportionally change 
the attenuation in a manner that ' changes high 
frequency attenuation and lower frequency attenua- 
- -tibh by approximately' the- same percentage value. 
5 Increased temperature results in higher coaxial 
cable attenuation while lower temperature results in 
-lower coaxial cable attenuation. In effect, then, 
- : temperature caused variations in attenuation of the 
" ' coaxial cable approximate the attenuation of either a 
10 shorter or longer length of coaxial cable at room 
- '*i - temperature. ' 

r:.v. * v - |f the variable cable simulator adjustment in the 
' ; ; ^ fixed- gain/ fixed loss system is controlled by the 

r '" IC : AGG circuit, then the : system can" automatically 
15 - jxdvide for correct' path loss corresponding to the 
/r ov- t :Yeq"Uirem'ents associated with the attenuation of the 
, z\$\X\\ originally.- ; installed 7 coaxraJ table loss but ** also to 
L e^ jetofnperisate for temperature- caused variations in 
'' > : ~ ' ccaxial cable-loss across the entire frequency band 
&0^-'' of 'interest: More particularly, when there is a change 
:> - «•"■>• ;n-* the attenuation of the coaxial cable leading to a 

T node, vor example; to a change in temperature, then 
c.-'-o* -:-;hc cable simulator is adjusted to simulate a different 
^ er^oliht of coaxial - cable so that -the attenuation 
2$ : provided by the actual coaxial cable when combined 

"■ : -withtbe simulated ccaxiai cable is equalized by the 
* ^ -fixed cable *equalizer circuit to provide 'the: appropri- 
c ■ i.c ate >amount of ; f ixed -attenuation across^ the , entire 
n ia* bandwidth: of the network.. 1 Thus, because the fixed 
^ ■ v ? gainv fixed loss amplification 1 .system is operative 

. £-over>'the entire bandwidth ;of the network; the AGC 

^' ; ^will be correcting not only for the outbound path loss 
change due to changes in coaxial cable loss but will 
>x.!/.«.\a!s6 : be : simultaneously correcting * f dr., the ; inbound 
3$ path loss change due to changes in" coaxial cable 

' - : - loss. r ' '° *-«• r l t^.'v'-- > ^M'-. 

An additional feature of this AGC system is that a 
:? *tu = >•. bf badfcrancJ LAN can * be configured ' that : requires 
r i - ° absolutely- no adjustments by ; the user. A major 
4qu v benefit i of ~.the fixed ! 'gairi', fixed loss' amplification 
c-Vi system- is that instead -of separately : balancing 
l *-• i'.:-*.: outbound and inbound systems requiring up to eight 
total adjustments of separate items (as in conven- 
tional LAN ; networks) 5 only one" adjustment to 
45 ^ -simultaneously balance inbound and outbound path 
A ; a ibsse's is needed. The addition of art AGC system to 
ir r - : the broadband LAN utilizing the fixed gain, fixed loss 

i > amplification system further 1 simplifies the installa- 
-c /it' tion by totally ^eliminating adjustments by the user. 
50 ^Thus, the inventive -AGC system is, easier to 
^manufacture because no inbound pilot signal gener- 
1 * f • r atdrs,:iribou"nd pilot trapa.'brseparate inbound AGC 

circuitsrhave to be 1 : included in the equipment, 
b The inventive AGC: system is. easier .to design 

55 »v? because it requires no analysis, of architecture and 
c* bn-seiectiorT .of separate, systems or components for 
b ^oc automatic: control of inbound pathrloss-; :\t l 

The ^inventive tAGC system is easier oto * install 

^ \.vi>ecause fewer components need torbe instated and 
60 ..;c adjustments.; are . : completely \ eliminated ; from the 
:. ; v" .system.: ir v* ^ A *~ *•''•*• 
b:\* ir. LThe ..-inventive AGC;; systems is , easier J to use 
j- i^/; t because fewercomponents are required resulting in 
f- vsi ^easier ; maintenance and because no adjustments 
657. vicar^;jrequJrecl:i- ? f ? ^ ' 
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In the accompanying drawings : 

FIG 1 schematically illustrates a conventional 
prior art local area network. < : ' ", 

FIG £ schematically illustrates, a conventional 
prior art bidirectional amplifier with AGC; ■ 

FIG 3 schematically illustrates^ a LAN in 
accordance with an illustrative embodiment of 
the present invention. 
x FIG 4 schematically illustrates affixed, gain, 
fixed loss bidirectional ampHfier^wklr^GC in 
accordance, witlvan illustrative emDodjment of 
the present invention.;-. \ , V! 

FIG ; 5 schematically illustrates ni a variable 
: . cable simulator for use in the f ixed'gain^fixed _ 
, ; : . loss bidirecto 

j ; ^Before discussing r the. -local" area /netwpr^: AGC 
. system of the present invention in detail,; it may be 
\ ^helpful to briefly review a conventional priq^artAGC 
system... Such a prior art network AGC ^system is , 
r: illustrated in FIG 1; . \ ^ 

The network 10 of FIG 1 comprises a^headend 1 1 
that includes an outbound pilot signal generator 12 
: ■= and other signal sources 13 that are- transmitted via 
v cables 14 to combiner 15. Combiner 15 is connected : - 
; through: cable 1 6 to the first bidirectional amplifier 1 7 
Mn the .network^-A bidirectional ampper includes an 
v Jnbpund amplifier and; an gutbounoSam^ 
i . Illustratively, the remaining portion, ^^o^theinefayork 
has been ; subdivided into three distinct crasses of : 
inbound system requirements. The description of 
these portions is easier to understand if the network 
is described from the outermost portion- leading 
f; back towards the headend 11. ; * ;> 
: :v J The first class pf inbound $ystem is controlled by ; 
> - Input Pilot Generator (IPG) 34, that generates an rf 
s signal at frequency F34. for, use as a pilot .tone by 
inbound amplifiers between IPG 34 and the (headend 
1 1 . The rf signal generated by IPG 34 is connected to 
cable 33,to bidirectional amplifier 26airtolcabie 25a,: 
■to bidirectional amplifier -26b, to cable '25b, to 
bidirectional amplifier 22, through cable 21, through 
Cspiitter 19througb cable ; 18, to the first bidirectional 
^amplifier 17; Theref ore, inbound amplifiers in bidirec- 
tional amplifiers 17, 22, and 26a;b are controlled by 
v monitoring: the rf signal strength at frequency F34 
that is generated by IPG 34. r r c 

y., • The second class of inbound system Is controlled 
by IPG 36, that generates an rf signal at<frequency 
,y F36 , different fronruF34; IPG ;36 < controls ; aJHthose 
inbound amplifiers between IPG 36and the headend 
11 that are not already specified as being controlied 
> by IPG 34. The. rf signal generated by\ IPG; 36 is 
connected to cable 35, to amplifier 28a, to cabie;29a, 
to amplifier 28b, to cable 39b, to splitter40, tp cable v 
v 27, to amplifier 24, to cable 23, to splitterl 9, to cable 
18>ta amplifier 17. Therefore, inboundi amplifiers in 
■ ibidirectional amplifiers: 24 and, 28a and ,28b are 
controlled by monitoring the erf signal strength at 
.* frequency/ F36 that is generated by IPG; 36. 
J ''•* The third class of inbound system is controlled by 
IPG 38, that generates an rf isignai. on a frequency 
. (/ F36 that is identicaltp the frequency F36 generated 
f by IPG:> 36. JPG 38; controls call! >those Unbound 
amplifiers between EPG 38 and the headend ill that 
are not already specified as being controlled by IPG 



34 or |j?G. 36l the rf signal generated by IPG 38 is 
, connected .through cable 37a, to amplifier 32a, to 
cable 37b, to amplifier 32b, to cable 31., to trap 30, to 
. cable 41, to splitter 40, tp cable 27, to amplifier 24 to 
5 « :i . cable -23, to splitter 19, to cable 0 18, to amplifier 17. 
trap 30 is required fb effectively decrease the 
energy of the rf signal at F36 generated by IPG 38 
because amplifier 24 is monitoring that frequency for 
: x $ e T? >!gnai being generated by IPG 36, Without trap 
70 ^ ere would be ^ interference , at the inbound 

amplifier 24, which would be required^o monitor the 
, energy of the rf, signals. being generated by both IPG 

36 and. IPG 38, which occupy ' \ ;.l ; 
\. the same frequency., By trapping the , signal from 
15 < : IPG 38! (reducing/ the energy substantially) the 
Jnbpund, amplifier 24 would be predominantly con- 
r : trolled, by 'the energy of the signal generated by IPG 

: ^,36. •' \; ; m . '. " t ' 1V ;_ 

te^^-.-Wpck. diagram' of a conventional 
20 : '\ bidirectipnal amplifier with Automatic Gain Control 
: <: (AGC) in, both outbound and inbound amplifiers. The 
bidirectipnal amplifier. 100 has an input port 101 
connected to a band /splitting diplex filter 102. 
: . : An outbound signal connected to input port 101 
25 passes through the high pass filter section 103 of the 
filter 102 and is connected to the pad 104, which is a 
: .variable, attenuator with a flat attenuation versus 
? v frequency characteristic, and equalizer 105, which 
nSirl^jiSloped^ charac- 
30 : teristic ; and [which ^equ^lzes coaxial cable. The signal 
- then passes through/preamplifier^ 

nected tovariable attenuator 107, which j's controlled 
by attenuator driye circuit 114. After being attenu- 
ated by variable attenuator 107, the signal is 
35 :; connected to power amplifier 108, the output of 
: which is connected to directional coupler 109. The 
!.■■ i : lowjoss path of directional coupler 109 is connected 
^ i to vthe-high pass filter section 110 of output band 
: i . splitting filter 11 ; 1 and then connected to output 112. 
40 ; A, • closed . loop control system formed by the 
/ = variableiattenuator 107, powerarnpli^er 108, the high 
loss path of directional coupler 109, receiver 113, 
and attenuator drive circuit 114. RF receiver 113 
c.:. . selectively tunes to the pilot signal being used by the 
45* > outbound system, that is^ the, signal generated by 
, , : outbound pilot : signal generator 12 In FIG 1. RF 
: receiver 113iQQnverts the energy of the pilot tone to 
a DC signal, that is proportional to the energy at the 
$ : Pjlolvfrequency. Attenuator drive circuit J 14 com- 
50, , pares the DC signal received by trie rf receiver 113 to 
r a. preset reference and - , / , ! > : 
: accordingly changes the drive to'variabje attenua- 
^ tor 107 in such a manner that the rf . signal level at the 
r . .output of the power aniplifier ,108 maintained 
55, ; relativelyyconstant within the error of- the dosed loop 
system, accuracy. , \, 
p ; ,~An inbound signal connected c to output port 112 
; ! c passes through; the. low pass filter: section 115 of 
i :;. diplex filter 1 1 1 and is connected i to preamplifier 1 16 
60 : ^\ and.to variable attenuator 117, which is controlled by 
-attenuator drive circuit .123. After being attenuated 
; -ii. by variable attenuator.1 17, the signal is connected to 
power amplifier 118, the output of which. Js con- 
- . f nected to directional coupler l 19. The low, loss path 
65 of directional coupler 119 is connected to the pad 
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120, which is a variable attenuator with a flat 
attenuation / versus , .frequency characteristic, and 
equalizer 121, which has a sloped i attenuation versus 
frequency characteristic and which equalizes coaxial 
cable; The signal then passes through the low pass 
filter section 1 24 bf in put band splitting filter 1 02 and 
ist'th'en connected I. to input 101. '/' J?i 

A closed; loop control system /is fontted-by the 
. variable attenuator 117, power amplifier ^18/ the/high 
loss path of dTrectibnaJ coupler 119/rf receiver 122, 
and attenuator drive circuit i^:RF\ receiver 122 is 
selectively tuned to the fiilpt signal being uied'by the 
inbound system, that is t the sighal.igenerated by any 
of the inbound pilot ;sighal generators 1 in FIG 1, 
depending upon location in ^ the ! rie^ork. RF receiver 
122 converts the -energy' of tft'e pi/ot signal to a DC- 
signal that Vs proportional to the enefgy at the pilot 
frequency. Attenuator drive circuit 123 ; compares .the 
DC signal received by the rf receiver 122 to a preset 
reference ;and accordingly changes' the ' drive to 
variable attenuator 117 in such a manner that the rf ■ 
signal level at the output of thje power iarnplifter/l 18 is 
maintained relatively constant within the error of the 
closed loop syste m accuracy. ' ^ * : - ■ ; - 

The conventional LAN shown in Fife" which 
utilizes the bidirectional amplifier of FIG 2 is complex 
to design, install and maintain. 1 

Designing the network requires examination of 
the architecture to determine the nature "of the 
inbound path structure; the location of ! iribourio/pilot 
signal generator^; ; the typ& of ^ ' 
^generators/ whether traps will be required", and the 
? specification of the frequency for 5 each of the rf 
receiver sections of the inbound closed loop AGC 
system in each of the bidirectional amplifiers/ 
. installing the conventional LAN requires installa- : 
: tion of inbound pilot signal generators and traps as 
; well as installation of the proper bidirectional 
amplifier at each iocationfFbr exampfe, ; bidiredtional 
amplifiers 28a,b and 32a,b in FIG 1 ublize inbound 
AGC r RF receivers which operate : at a^fre^uency- 
V different ' from the operating frequency' of the 
inbound AGC RF receivers In the amplifiers 17; 22, 
ahci 26a,b:'- ■ l^'];/^ ,,; -'•'*, * ;?r;; ' 

/ V v Maintenance ^bf the' : conve ntional liAN 'requires 
maintenance of the inbound pilot geherators T as' well 
as providing spare equipment for different types of 
inbound pilot generators, inbound pilot traps, and 
different types of bidirectional amplified ^ 
1 , * A LAN 300 of the present invention is^shown 4n FIG 
3. the LAf^ 300* utilizes the fixed gain/ fixed loss : 
amplification system. The LAN 300 comprises a 
// headend ^ 310 vi^ich has an outbound 3 pilot signal 
\ l ''/geb&atoTP3T1 ^arid ; -other sfghaL sources' 312 con- 
1 nected through cables 313 'io the input ; arraJ 314 of a 
hub 315. Hub : &1 5 comprises an in pu^\ar¥ay' ; 314 f a> v 
bidirectional amplifier 316 and an output array 317. 
/ V Referring "to : FIG 3, a signal •geherafea^by the 
/ outbound pflbt generator 31 1 passes through cable 
\ 313, input array 314, and bidirectional amplifier 31 6 
; : to 'the output array' 317. One' of the outputs of the- - 
■ output array 317' is connected to cable' 320, to node 
321 ; to cable 322, to node 323; to cable 324; to node 
325;— v:;.\.r i- J -?r. -v; v. 
* : The f signal generated by the outbound pilot 



generator 31 1 also is connected to cable 330 from 
the output array 317. The signal then passes through 
to node 331. Node 331 is shown with two outputs 
capable of connecting to other nodes. One of the 
5 '" outputs of node 331 provides the signal to cable 332 
through which node 333, cable 334 and node 335 get 
the signal. The other output of node 331 provides the 
- signal to cables 336 and 338 and nodes 337 and 339. 
As compared to the network 10 of* FIG 1, in the 
10 /'/network 300 of FIG 3 there are no inbound pilot 
; ! ;feigha1 ; generators; t no traps; and all the node 
; amplrfiers in the system are identical regarding the 
nature of the inbound ! AGC^systerrv, i.e. there is no 
1 v inbbuhd' AGC : systerh; This is possible because the 
15 ' lX fixe'd [gain i ^ fi^ed loss method of amplification, when 
provided with automatic' gain/control in accordance 
; - \^witH : tjii& present f invention fuses : drily an outbound 
/ - pilot : sighal to sense the f chariges in coaxial cable 
' - } attenuation; A closed loop AGC system is then used 
20 '■ to control 'attenuation" changes across the entire 
frequency band of the network4o correct the path 
■ ^lo^es' in both butbouhtf and inbound directions 
'•■f >imBtahed>usly;- /f 

.w o- FIG 4lshows how dnVof the nodes in FIG 3 utilizes 
25 \' - the 5 fixecl : loss, fixed gain amplification system along 
v with iutomatic gain cbntrbr(AGC). As shown in FIG 

■ 4; the fixed gam; fixe d^loss bidi rectidha! amplifier 200 
witrfAGGcbmprises a Ifnei balariceV^I 0, 1 a fixeq ; gain 

>; ^ ^bidirrotidnfal- amp 
30 v ' ? cTrcuit 250i the fixed -gain, fix«d loss bidirectional 
• 1 amplifier 200 "comprises an input port 211 and an 
output port 227. The fixed gain, fixed loss bidirec- 
=~ tibnal amplifier 200 forms part of each of the nodes 
of FIG 3. Outbound Signals generated at the 
35 y' ^headend 310 of FIG 3 arrive atthe input port 211 via 
' coaxiar- c^le 400- and /are^ connected to. fixed 
•i -equafizen 212and f variable^cable simulator 213, the 
l : : • value <tf fc- attenuation s of *: which is controlled by 
^ -•feirntilatbr tirive circuit 253." HlustrativeJy, the* cable 
40 : - ^"4CfO 'connects the node^ containing the fixed gain, 
* « fixed loss bidirectional amplifier 200 to another node 

■ : - br to^the headend of the network. 

" The j output pbrt 214^of the line balancer 210 is 

- conhected : to the Jnput port 221 of vthe fixed gain 
45* / bfdirectionat- amplifier 2210; .Outbound -signals are 

^ ''connected to the' band splitting filter 222 and pass 
through the high pass filter 231 to the rf amplifier 
1 230. The "Output of the^rf amplifier 230 is connected 
>^ r ' to directionaticoupler 229. The low loss output of the 
$0? ^ i'directidnaJ cdupler is^cdnnected to the high pass 
^• filter 228 tof 'band 'splitting filter 226 and then to the 
j " '■>-■ butput^port 227. The high Joss output of directional 

- ^coupler: 229- is r connected id the output connector 
' -^32 arid tbithe input connector 251i:6f the AGC 

55<- '^circuit; 250r'*v * '-^ ' v^-' v r . . 

^' j^o --TV closed loop circuit is tormed ; by the variable 
s- ; ^-"ca ; ble simulator -213, output connector 214, input 
' • cbrinector^221, high pass filter 231; rf* amplifier 230, 
s- ^'directidrial'cbupler 229^ output connector 232, input 

60 connector 251 , rf receiver 262, sirhiilator drive circuit 
\ * ^253/dUtput : cdnnector254 and input connector 215. 

■ -The rf receiver 252 is tuned. to the frequency of the rf 
■ >° : signal being, generated by the outbound pilot signal 
1 ' r g3nerator 311 of FIG 3 and -produces' a DC voltage 

55 r proportional to { the energy contained at the pilot 
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frequency. The simulator drive circuit 253 compares 
the DC signal received from the RFreceiver with an 
internal preset reference and provides a control 
voltage to the, variable cable simulator cirpuit 213 in 
such a manner, that the RF signal power at the output 
of the RF amplifier 230 tends to be held constant 
within the error and accuracy of the closed loop 
system. 

Inbound signals connected to output . port 227 of 
the fixed gain amplifier 220 pass through the low 

.. r pass filter 225 of output band splitting Tfjiter226 and 

, then through amplifier 224 to the loyv pass filter 223 
of input band splitting/filter 222 to connector 221 . 
Then these inbound signals pass through connector 
214 of. line balancer, 210 and ar^;. attenuated by 

; variable cable sirnulator 213 arid egu^Lzer 212 and 
then are connected to connector : 21.1 anp;c£ble 400 
via which they proceed inbound tpwards the 
headend. 0 , ; - ' 

The fixed gain, fixed loss amplification system is 
now explained in greater detail. , Hlus^raiively, the 
fixed gain, fixed loss amplification system operates 
to insure that the signal strength ! (in both the 
inbound and outbound directions) at the 'connector 

. 401 -of the cable 400 is the same as the signal 
strength at the port 22Z of bidirectional amplifier 220. 
Jo. this >ehd, the equalizer cirpuit 212 is.a conven- 
tional circuit which equalizes the loss fixed 
amount of cable. More particularly^ the . equalizer 

; provides a predetermined loss which , enables the " 
cornbined loss of a fixed amount of cable and the 
Ipss of the cable equalizer to equal a fixed amount of 

s flat ^attenuation "across the entire frequency band 

; : (inbpund and -outbound) of the network, 
j J*} e > variable, c^^ 

amount of loss "for r sirhuiatingra variable amount of 
coaxial, cable. Thus, tKe loss of 4h&,ref4^able 400 
plus the loss of the cable simulated by trie simulator 
circuit 213 is equivajent to the loss of a fixed amount 
of cable which is equalized . by the cable ■ equalizer 

0 circuit 212 to provide a fixed amount of attenuation 
across the entire frequency band ot the network. 
Depending on the length and temperature of the 
actual cable 400 the; amount , of simulated cable 
provided by^simulator 213 may ^ ,\rary^, ' illustratively 
under the control of the v simuiator drive "circuit 250. 
Typically, the fixed attenuation across^the entire 
frequency band provided., by, the : cable, 400, the 
simulator 213, and the^equalizer 212^ js equal in size r 
to the gain of the fixed gain, Mdir;ectipW : ^anripliffer " 
220. Thus, the signal strength at - point 4u'1 is the 

> same as the signal strength at point 227 in FIG 4. 

The automatic gain control circuit 250 serves to 
adjust the cable simulator circuit tq simulate the , 
appropriate amount of cable. This is accomplished 

: as follows. Jhe signal strength of the outbound pilot 

-signal (generated by the pilot signargenerator 31 1 of 

oFIG; 3) is .detected by the rf, receiver- 252 after 
amplification by the amplifier 23a The* rf receiver 252 , r . 

s generates a DC signal proportional to\the strength of 
the pilot signal. This DC signal is in turn compared to 

: a preset reference by the simulator drive circuit 250 
which provides a control voltage tchadjust the cable 
simulator .circuit 213 to maintain the: pilot signal fl 
strength at a particular level. Thus, the automatic v 
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gain cpritrpl system may be used to adjust the 
simulator 213, depending oh the length of the cable 

If the temperature increases, then the attenuation 
I of the cable 400 increases. (This is the same as if the 
cabje 400 bepame longer). Accordingly, the cable 
; ; sirnulatpr; circuit 21 3 is adjusted by the simulator 
drjye; : c^ 0 f 
the attenuation provided by the cable 400, the 
simulator 213, ;ahdth^ equalizer 2121 remains fixed at 
a ' constant level Across the 1 ^ entire inbound and 
outbound frequency band.' J * 

filus;tr^atively^^^ is a 

variable bridge tee circuit as shown in FIG 5. R7 and 
' t R8 arie [the ;tee ; resistors: R1 and R2 form a ganged 
^Y^abte resistor pSr that combined provide proper 
- Vesl^hce s6 that the input and output driving point 
impedanc^ 

setting of the ganged resistor pair "CI and R6 in 
. -conjunction with R9 and L3 limit the 'range of 
1 : potehtiohmfeter. R3 and RlO in conjunction also limit 
^ the range of the pptentipn meter formed by R1 and 
R2. R5, L1, C2 and R11 provides proper high 
frequency (above 150 MHz) responses for the 
simulator. R'4, L2 and C3 provide proper operation at 
lower frequencies (5 to 150 MHz). Illustratively, to 
achieve automatic gain control the potehtionmeter 
fprined by the resistor R1 and"R2 operates under the 
;.j?pn^ 253. 
/ ;^thl^ equalizer 212 and the variable 

cable simulatpr ?13 of the lih> balahc^r 210 operate 
over the entire frequency band of the outbound and 
r inbound signal paths; This line balancer concept 
provides a means of enabling a fixed loss between 
amplifiers in a system over the entire frequency band 
of interest which in turn allows for a simple fixed 
gain, no adjustment, bidirectional amplifier module 
I. 220;to be used. Further, this line balancer concept 
Jajlpws. ■simg^ inbound and 

outbound sighaf path losses by simply monitoring a 
signal in the outbound signal path and adjusting the 
variable cable simulator to provide for proper path 
loss in the outbound direction. 

Since both inbound and outbound path losses are 
properly adjusted via the fixed cable equalizer and 
variable cable .simulator there is no heed to monitor 
path loss in the inbound direction and make 
. independent, adjustments on outbound and inbound 
signal patHs^ separately." Thus, the fixed gain, fixed 
loss apprpach to bidirectional broadband amplifica- 
tipn allows 1 system simplicity of ^design/ installation 
and use by providing for coptrol of both, outbound 
and inb.ound, signal paths simultaneously by select- 
ing tha . proper line ; . balancer; and making only one 
^^M^i^y^ J.9i ^y^-^r"* that is, ; adjusting the 
variable cabfe' simuiator to provide proper path loss 
while mpnitorihg ah,,outbound signal. 
, -Ths. present invention! expands ^upoh this basic 
. fixed gain, fixed loss amplification concept to include 
v the pilpt generator with ah outbound RF signal that is 
monitored by a : closed, loop A(|6 system in the 
outbound path. This^ closed loop AGC system is 
usep to control the attenuation of the variable cable 
simulator in the line balancer, thus f providing a 
system that not only automatically provides AGC in 
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both outbound and. inbound signal, paths simulta- 
neously, but also, .eliminates the / ; need of any 
adjustable components in the bidirectional 'ampli- 
fiers. 

Since the predominant temperature caused vari- 
ation in" path loss is due * to. coaxial, cable joss ' 
changes, these temperature caused yariatibns can 
Be compensated for by cHanging/theadju^^ of 
the variable cable simulator in / the line balancer 
similar to the " manner in which jhe line . balancer 
allows for different lengths pf ^cable.to. be placed 
between amplifiers in the . system/ / t ' 
. The present invention is easier to design than the 
prior art CATV. LAN AGO systems because no 
inbound piiot signal generators are/used, no inbound : 
pilot signal traps are required, and all amplifiers in 
the system are of the same type, that.ls^triere is no 
need to , specify different. "types, of/ inbound RF 
receiver AGC circuits because there are none in the 
present invention. - , I '."/_;"./ ' 

The present invention is easier 'to jrisitall than the 
, prior art CATV LAM AGC systems bebausfe there/are 
, no adjustments,, ail equipment is identical, /^hd there 
is less equipment to install. 7 r '?./ /" 

The present invention is easier* to maintain and 
use because the types of equipment needed to be 
used as spares is less than in the conventional CATV 
LAN and also because the equipment is easier to 
maintain because there are no adjustments 
in the system becausejhe closed ^ ^ 
. .automatically corrects "for Ipqi^otSf /djffererrt /cable 
/'.losses due* to design, differences^ between amplifier 
to amplifier cable lengths, but also corrects for 
„ temperature caused, variations in cable loss 
"changes. 

Finally, the above described embodiments bf the 
... invention are intended to be illustrative only. Numer- 
ous alternative embodiments "may ,be/ devisecK by 
"... those skilled in the/ art, without departing trotri'the 
, spirit arid scope of the invention S'Set'Torth/.1n : 'the 
. /following claims. , ' /. ' . \y" ; ' , , : *. 

., Claims . ..V'..*"!, 11 * ^ 'V ' 

1. A.dbyice (200)' for baiaricing jpsses in a c 
/' ' coaxial transmission path J400) of ja neftyork 
(300) comprising: ^ 
l\ , . an equalizer circuit (212) ^ 

\^6f a fixed amount of Coaxial cab\£! / /; ;; ^ 
c)rcuit'. 'means (213) ^ ^ 
.//.!' artib'unt^of ibss for simulating^ variable; amount 
; ' ^ . of coaxial cabi£ : ' :K ' ; y\ " , > :/; i 
. . afixed gairi bidirectional ^plffier (220)^. ~^ 
, /feedback .m^ 

; ' / strength of a pilot sig nal and f f or 'ayjusting' -said r * 

circuit means (213) : in response thbr^tp, said 
. feedback-^means (25b) 1 adjusting / sai 
/ " ' means (213) J so that the/ sum of . tK& losses 
t : provided by 'tlie coaxial f tr^smissiori. path (400) , 
' J- the equalizer circuit (212) and the circuit means ^ 

r (i2t3) are equai in magnitude to thb fixed gain of 
, . the' amplifier (220) across ithe ; eritire 'inbound 
. and outbound 0 frequency band of the network 



2. The device of claim 1 wherein- said 
feedback means comprises an rf receiver (252) 
connected to said amplifier (220) for detecting 
the strength of said pilot signal and "a drive 

5 ... circuit (253) connected to said* receiver (252) 
i^tisaid circuit means (213) for adjusting said 
cirbliif means (213) in response to the output of 
v ' said receiver (252). 

3. The device of claim 1 or .2 wherein said 
10 /'"_. ""'V\.;b|d;rectidnal' amplifier (220) includes an out- 

t!. ! r ^9pJn9 „P at h comprising a first high pass filter 
/ : j:(23j), ari am 

l r high" pass filter (228), ! and ah incoming ,path 
/ ,7" . iC ''cbmprising a "firs t t low ,pass filter (225), ( an 
15 ^"'^/'//^'a^plif^ng element^ (224), and a second low 
t'nt '^ .r^^/^ter" f ee^bafck means/ (250) 

npT ^^/beirt^fcvinnected'by way of a splitter (229) to the 
l '..i0^tput 6f; ttte. ^'plifyih^ 'element ' (230) in the 
'Outgoing path. ' ■ 
20 ,4. The device of claim 1, 2 or 3 wherein said 

^1/ !//f®P.^!?^k ! means'" ' (25p) ; adjusts, said circuit 
; V ?!? B %Ti$. X%1 ^) wttsh ^6 *°^ s provid ed by said 
f ^1 Vpoaiiai :,< trms : nSl^|oh : ;path (400) changes in 
// '/ / Response to 
25 "'*' lu : ";5. "A: local area^ network (300) comprising 

5 : headend (310) . including means (311) for 
^ " generating an outbound pilot signal; ' 
r ° ^ pluiWity of:Hbdes; {321 ; '323;r325^331 / 333, 335, 

30 lL /,V h; a plurality bfbbaixial bable paths (320, '322, 324, 
" ;;330;- 33?, 334,; 336/ 338) for "transmitting' said 
* \ 'l pifot signal to said nodes/ ; ' / " 

each said node' comprising an equalizer circuit 
1 ' -(212) for equalizing a fixed am&urit of coaxial 
35 cabje^ loss, r an adjustable . circuit ' (313) for 

>1 / simujatirig of 
- '].■ '"IV-^WV?* CabieV afixed : g^ 
^TJ^f^^f^^^^X^^i connected to the amplifier 
l\ ;;^ !jrn (i2bf for detecting the strength of the 'pilot 
40 i J :: -signal, , and/ -means (353) for adjusting said 
" ; adjustable circuit (213) in response to ; the 
""* ' " 'strength of the ! pil°i signal so that the sum of 
c v/ »\ j n £ . |Q S ? ses provided by a cbaxial transmission 
' • ; /. C P^i leading to the node, said equalizer circuit 
45 ' ' ^5 ';(21 2) arid said adjustable circuit v (2T3) equals in 
'V^'"f r " 3m ^9 n ftA^® the-galn of said amplifier (220). : 
o ; i j > ;g . ^ device (2u0) for ? balancing losses in a 
, tn ' Tj 3ob$\o\' transmissibh' path (4CK))- ; of a network 
3 ' - u (30Of <^^able^ : of ^ transmitting signals in an 
50 f /^" ; Thbbuftd^and/^ outbound' direction,, said device 
;(a^)V^pnsirig:'^ r - ' 

; nT . 5 : ^'coaxial /cable : equaJizer cirdurt (21 2) ; , - : 
*; ;| * -acabi^ simulator circuh (213) for^s^ 

^ loss of a/varisibfe amburif of coaxial cable, 
55 - ^ *J-' :i 'meaLhsr(2SQ$ipr detecting trfe ? stg nal strength of 
r: J5 f . a : » mgfi -outbodnd ! pilbt ;; si0nal and 1 for automatically 
;° ^"'i^Sir^/^he/cabie simulator circuit (2 13) so 
■ L I •''' :: J , /tfiaYthe^dmbined loss bf the trahspnission path 
v ; --(iiOO^cable^simulator circuit' (213) and' cable 
60 r ' vj equalizer cirbuit (212) p 

v. r.a o , ^ixed" : !bss : 'across" itie 1 ; entire -inbound - |and 
[- 1 :j: oirt6bund bandwidth of the 'network (300): 

' T- The device of <:iaim 6 Wherein said device 
&o?o furth^ ^comprises a fixed gain bidirectional 
65 - 'annplifiel' : (220j t:: and said -predetermined fixed 
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loss is equal in magnitude to the gain of the 
bidirectional amplifier (220). 

8. The device of claim 6 or 7 wherein said 
means (250) adjusts said simulator circuit in 
response to temperature changes of said 
coaxial transmission path (400). 

9. A method for automatically balancing 
losses in a coaxial transmission path (400) of a 
network (300) comprising the steps of: ^ 
generating a pilot signal at a headend (310) of 
said network (300) and transmitting said pilot 
signal in an outgoing direction to a plurality of 
nodes (321, 323, 325, 331 , 333, 335, 337, 339), 

at each node (321, 323, 325, 331, 333, 335, 337, ' 
339), transmitting said pilot signal through an 
equalizer circuit (212) for equalizing affixed 



amount of coaxial cable loss and an adjustable 
circuit (213) for simulating the loss of a variable 
amount of coaxial cable, amplifying said pilot 
signal in a fixed gain bidirectional amplifier 
(220), detecting the strength of said pilot signal, 
and adjusting said adjustable circuit (213) so 
that the sum of the losses in a coaxial 
; transmission path (320 r 322, 324, 330, 332, 334, 
, 336, 337) leading ^to jthe node, said equalizer 
, circuit (212) and 'said adjustable circuit (213) is 
j at a predetermined fixed level across the entire 
bandwidth of the network (300). 

10. The method of claim 9 wherein the amount 
of loss provided by said adjustable circuit (213) 
is. changed in response to , changes in the 
temperature of said coaxial transmission path. 

/ . - - ■ 
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